The androgen receptor (AR) is a transcription factor that employs many diverse interactions with coregulatory proteins in normal physiology and in prostate cancer (PCa). The AR mediates cellular responses in association with chromatin complexes and kinase cascades. Here we report that the nuclear matrix protein, scaffold attachment factor B1 (SAFB1), regulates AR activity and AR levels in a manner that suggests its involvement in PCa. SAFB1 mRNA expression was lower in PCa in comparison with normal prostate tissue in a majority of publicly available RNA expression data sets. SAFB1 protein levels were also reduced with disease progression in a cohort of human PCa that included metastatic tumors. SAFB1 bound to AR and was phosphorylated by the MST1 (Hippo homolog) serine-threonine kinase, previously shown to be an AR repressor, and MST1 localization to AR-dependent promoters was inhibited by SAFB1 depletion. Knockdown of SAFB1 in androgen-dependent LNCaP PCa cells increased AR and prostate-specific antigen (PSA) levels, stimulated growth of cultured cells and subcutaneous xenografts and promoted a more aggressive phenotype, consistent with a repressive AR regulatory function. SAFB1 formed a complex with the histone methyltransferase EZH2 at ARinteracting chromatin sites in association with other polycomb repressive complex 2 (PRC2) proteins. We conclude that SAFB1 acts as a novel AR co-regulator at gene loci where signals from the MST1/Hippo and EZH2 pathways converge.
INTRODUCTION
The androgen receptor (AR) is a critical driver of progression to castration-resistant disease in prostate cancer (PCa). [1] [2] [3] [4] [5] [6] [7] In complex with ligand, AR binds genomic androgen-response elements (AREs), which serve as platforms for recruitment of basal transcriptional machinery and coregulators. The AR mediates a transcriptional program that results in diverse, contextdependent biological outcomes. 8 Coregulatory proteins act as activators or repressors of AR function, 8, 9 and their deregulation can promote PCa progression. 10 Corepressors employ diverse mechanisms to affect AR activity, including association with chromatin-modifying proteins 11 and recruitment of kinases that modify histones, chromatin remodeling factors and transcription factors. 12, 13 The serine-threonine kinase MST1/STK4, 14 a Hippo homolog with tumor suppressor activity, was recently shown to complex with AR. 15 MST1 localizes to chromatin, phosphorylates and negatively regulates AR and suppresses PCa tumor growth independently of its pro-apoptotic role. 15 The two MST1 caspase cleavage products have also been shown to interact directly with and inhibit the oncogenic kinase AKT1. 16, 17 Consequently, MST1 is a potential node through which AR-dependent and -independent pathways might converge. The physiologic roles of kinases that modify transcription factors are still poorly understood. 15 Epigenetic chromatin modifications have important roles during prostate tumorigenesis and cancer progression. 18, 19 PCa progression is influenced by the gene silencing complex, polycomb repressive complex 2 (PRC2), which includes the methytransferase EZH2, a protein frequently overexpressed in PCa. 20 Here we demonstrate that the transcriptional repressor, scaffold attachment factor B1 (SAFB1), a chromatin-associated protein linked to repression of nuclear receptors such as estrogen receptor-a, [21] [22] [23] is a novel AR repressor, an MST1 substrate and a functional partner of EZH2. Our findings suggest that SAFB1 is a component of a chromatin-modifying complex that integrates signals from the MST1/Hippo and EZH2 pathways with the AR transcription machinery.
RESULTS

SAFB1 expression in human PCa
We initially identified SAFB1 in LNCaP PCa cells using tandem mass spectrometry as a component of an AKT1 immune complex. 24 To assess the significance of this finding in the context of human PCa, we analyzed a tissue microarray (TMA) containing benign prostate tissues, organ-confined cancers and metastatic tumors using monospecific anti-SAFB1, MST1 and AKT1 antibodies. SAFB1 levels were significantly lower in metastases in comparison with both benign tissues (P ¼ 0.01) and locally confined (P ¼ 0.0023) tumors as determined using an automated system (Chromavision) (Figures 1a and b) . 25 Interestingly, the lowest levels of SAFB1 protein were detected in 8 of 13 hormoneresistant metastatic tumors (data not shown), suggesting that SAFB1 loss may be associated with lethal disease.
In a separate approach, we searched cancer data sets in the public domain. We assembled an outlier gene expression profile for SAFB1 with Oncomine (www.oncomine.com), which provides COPA (Cancer Outlier Profile Analysis) outlier profiles across 19 different cancer types. As shown in Figure 1c (left panel), 106 data sets out of 698 exhibited underexpression outlier profiles of the SAFB1 gene, compared with 45 data sets showing overexpression. Among 14 PCa data sets showing SAFB1 as a significant outlier, underexpression of the SAFB1 gene was detected in 10 different cancer data sets, compared with four data sets showing overexpression ( Figure 1c , right panel). Using the GENT database (medicalgenome.kribb.re.kr/GENT), normalized intensities of SAFB1 mRNA for normal vs PCa were extracted for 15 PCa data sets. Among this group, six data sets were generated using the Affymetrix HG-U133 Plus 2 platform and nine were generated using the Affymetrix HG-U133A platform. These two groups of data were normalized separately, and differential expression of SAFB1 in PCa compared with normal tissues was evaluated using the Wilcoxon rank-sum test. The boxplots in Figures 1d and Supplementary Figure S1A illustrate significant downregulation in PCa in these aggregated data. Collectively, these results suggest that SAFB1 downregulation is a frequent event in multiple cancers, and this feature is consistently observed in PCa.
In line with the above, stable knockdown of SAFB1 using shRNAs targeted to independent sites in SAFB1 mRNA in LNCaP cells resulted in an increase in prostate-specific antigen (PSA) and AR mRNA and protein levels in two independent stable sublines (Figure 1e ), suggesting that loss of SAFB1 expression stimulates the AR axis, consistent with a transcriptional repressor function.
SAFB1 interacts with AR and regulates its transcriptional activity SAFB1 has been shown to be a transcriptional repressor of estrogen receptor-a and other nuclear receptors, including PPARa/b/g, FXRa, RORa1, VDR and LRH-1, 21, 23 Figure S1B) . To test whether the interaction between SAFB1 and AR has functional consequences, SAFB1 expression was enforced in LNCaP cells in the presence of a PSA promoter-luciferase reporter. Although the PSA reporter was strongly induced by the synthetic androgen R1881, enforced expression of SAFB1 markedly repressed ligand-induced AR activity in a dose-dependent manner (Figure 2b) . Similar results were observed in COS cells expressing enforced AR and in C4-2 cells, a hormone-independent LNCaP variant (Supplementary Figure S1C) . Conversely, silencing of endogenous SAFB1 by siRNA enhanced AR activity in LNCaP cells ( Figure 2c ) and in COS cells transfected with AR (Figure 2d ), indicating that the native protein acts in a functionally similar manner to enforced SAFB1.
In agreement with these data, enforced SAFB1 expression in LNCaP cells inhibited androgen-induced expression of PSA mRNA, whereas SAFB1 silencing caused PSA mRNA upregulation (Figures 2e and f) . To assess the generality of the repressive effect of SAFB1 on AR-activated genes, we examined several additional genes shown by others to be regulated by AR-KAT2B (PCAF), 26 Figure 2g ).
SAFB1 interacts with MST1
The serine-threonine kinase MST1 interacts with AR and inhibits AR-mediated transcription and LNCaP cell growth. 15 Because MST1 cannot bind DNA directly, the functional interaction between MST1 and AR led us to hypothesize that the three proteins (SAFB1, MST1 and AR) might physically associate.
SAFB1 knockdown in LNCaP cells reduced MST1 levels in two clonal cell populations (Figure 3a) , suggesting a regulatory relationship between the two proteins. SAFB1 also co-immunoprecipitated from LNCaP nuclear extracts with endogenous MST1 (Figure 3b Figure 3d . These data indicate that SAFB1 is an interaction partner of both AR and MST1 and that SAFB1 might function as a scaffold that recruits coregulators and mediates their binding to specific chromatin sites.
MST1 was shown previously to inhibit AR transcriptional activity. 15 Consistent with this, enforced MST1 expression inhibited PSA reporter activity in a dose-dependent manner (Supplementary Figure S2C Figure S2D) . Conversely, siRNA depletion of SAFB1 increased PSA protein levels (data not shown), consistent with results from the stable shSAFB1 sublines (Figure 1e ). Taken together, these data suggest that SAFB1 and MST1 cooperate to repress the AR. SAFB1 in complex with MST1 associates with androgen response elements Given that SAFB1 represses AR activity, we performed chromatin immunoprecipitation (ChIP) to determine whether SAFB1 binds to androgen-regulated promoters. We tested three AREs in the PSA promoter, located at nucleotides À 170 (ARE I), À 394 (ARE II) and À 4200 (ARE III) (Figure 4a ), all of which are involved in transcriptional regulation by androgen. 30 We also analyzed the promoter of a related kallikrein gene, KLK2, which is also androgen responsive. 31 Both AR and SAFB1 immunoprecipitates contained DNA corresponding to the amplified PSA promoter and enhancer regions (Figures 4b and c) . In contrast to AR, promoter occupancy by SAFB1 was not significantly affected by androgen. SAFB1 also bound the PSA promoter in the absence of AR (Supplementary Figure S3A) , an initially surprising result, although one consistent with published data showing that SAFB1 also regulates ARindependent genes. 32 Both SAFB1 and MST1 were detected at the KLK2 and PSA enhancer regions (Figure 4c, Supplementary Figure S3B ), consistent with published data on MST1 recruitment to the PSA promoter. 15 To determine whether recruitment of MST1 to the PSA and KLK2 promoters is mediated by SAFB1, we examined the effects of SAFB1 silencing on this process. SAFB1 knockdown inhibited MST1 recruitment to both promoters, but it had no effect on association of AR with these regions (Figures 4d and e, bottom panels). This indicates that localization of MST1 to important regulatory sites within the PSA and KLK2 promoters is dependent in part on SAFB1. Re-ChIP experiments demonstrated that MST1 and SAFB1 assemble as a multi-protein complex on the AREs of the PSA promoter (Figure 5a) . A schematic representation of the region of the PSA promoter used in the re-ChIP experiment is shown in Supplementary Figure S3C . Enforced expression of a kinaseinactive MST1 mutant (K59R), which inhibits MST1 activity in vivo, 33 blocked binding of MST1 to the PSA promoter (Figure 5b ), suggesting that efficient association of MST1 with chromatin may require kinase activity. A recent study showed that phosphorylation of nuclear MST1 at threonine-120 reduces its activity. 34 In order to assess whether SAFB1 can interact with this phosphorylation-deficient (active) form of nuclear MST1, we transfected wild-type MST1 and MST1(T120A) into LNCaP cells and examined their association with SAFB1. Both the wild-type and T120A mutant MST1 forms bound SAFB1 with similar efficiency, indicating that SAFB1 interacts with both active forms of MST1 (Figure 5c ). In order to test whether the SAFB1 chromatin complex can phosphorylate a known MST1 chromatin substrate, 35 we asked whether histone H2B could be phosphorylated by chromatin immunoprecipitated with SAFB1. The SAFB1 chromatin complex phosphorylated H2B in an in vitro kinase assay (Figure 5d) , consistent with the conclusion that SAFB1 forms a complex with active kinases.
Repression of gene expression by SAFB1 coincides with histone modification Certain kinases, including MST1, have been reported to be involved in chromatin organization. [36] [37] [38] Consequently, we examined whether the effect of SAFB1 on gene silencing occurs coincident with covalent histone modification. Three lysine methylation sites are associated with transcriptional repression: H3K9, H3K27 and H4K20. H3K27 trimethylation (H3K27me3) has been implicated in the silencing of many genes. 39, 40 In order to assess whether H3K27 trimethylation is involved in SAFB1-mediated gene repression, we examined the effect of enforced SAFB1 on H3K27 methylation status in LNCaP cells. Under these conditions, ChIP revealed a significant enrichment of H3K27me3 on the PSA promoter in the absence of R1881 (Figure 6a density was similar after SAFB1 expression (not shown), indicating that the observed hypermethylation was not because of histone density discrepancies. EZH2 is the major histone methyltransferase known to trimethylate histone H3 on lysine 27 in vivo and is the only enzymatic subunit of the PRC2 repressive complex. 41 In order to determine whether the SAFB1-induced H3K27 trimethylation involves EZH2, we attempted to co-immunoprecipitate SAFB1 and EZH2 from LNCaP nuclear extracts. The results identified EZH2 and SAFB1 in the same immune complex (Figure 6b ).
ChIP performed with EZH2 immunoprecipitates showed that EZH2 can occupy the PSA promoter (Figure 6c) . In order to understand whether EZH2 is essential for the increase in H3K27me3 accumulation on chromatin, we silenced endogenous EZH2 in LNCaP cells (Supplementary Figure S3D) . This resulted in a decrease in the level of H3K27me3 on the PSA promoter even in the presence of SAFB1 (Figure 6d) . As a complementary approach, we analyzed the extent of H3K27me3 after SAFB1 knockdown. Silencing of SAFB1 substantially reduced the accumulation of H3K27me3 on the PSA promoter in the presence and absence of androgen (Figure 6e and Supplementary Figure S3E) .
A recent study described a significant effect of the selective EZH2 inhibitor 3-Deazaneplanocin A (DZNep) on PSA gene expression in AR-positive VCaP cells.
42 Surprisingly, the same study found only a marginal effect when LNCaP cells were treated with DZNep. Here, we tested the effect of DZNep on PSA gene and protein expression in LNCaP cells under our conditions. Both in 10% serum containing normal growth conditions (Supplementary Figure S3F) and under serum starvation, DZNep enhanced PSA gene and protein expression (Figures 6f and g ). Taken together, these results suggest that EZH2 acts as an AR transcription inhibitor in LNCaP cells under conditions in which SAFB1 acts as a transcriptional repressor of AR.
Two other core components of the PRC2 complex, SUZ12 and EED, have been described as essential EZH2 partners under conditions in which the complex acts to repress gene expression. 40, 43 Immunoprecipitation using an anti-SUZ12 antibody coprecipitated SAFB1, and, conversely, an anti-SAFB1 antibody coprecipitated SUZ12 (Figure 7a ). Moreover, EED IP also precipitated SAFB1 from LNCaP nuclear extracts (not shown), indicating that all three essential components of the PRC2 complex associate with SAFB1. RBAP-46/48, an occasional EZH2 partner, was not detected in the SAFB1 complex (not shown). ChIP also confirmed the presence of SUZ12 and EED on the PSA promoter (Figure 7b ), indicating that all the core members of the PRC2 complex co-localize with SAFB1 on a classical AR-regulated promoter region. Histone methylation can either activate or repress transcription. In contrast to H3K27 trimethylation, H3K4 di/tri methylation is generally an activation mark. 44 Enforced SAFB1 decreased the level of dimethylated H3K4 on the PSA promoter (Figure 7c) . Conversely, SAFB1 silencing increased the H3K4me2 level on the PSA promoter (Figure 7d ). Taken together, these findings indicate that repression of androgen-sensitive gene expression by SAFB1 occurs coordinately with changes in multiple histone marks and that SAFB1 is probably a mediator of some of these chromatin modifications.
SAFB1 knockdown results in an aggressive phenotype Consistent with the trend toward decreased SAFB1 levels seen in human PCa specimens during disease progression, enforced SAFB1 suppressed LNCaP cell proliferation (Figure 8a ). Conversely, transient knockdown of SAFB1 resulted in an increase in cell growth, indicating that SAFB1 is a PCa cell growth inhibitor (Figure 8b ). Enforced SAFB1 also suppressed growth of ARnegative PC3 cells (Supplementary Figure S4A) , indicating that AR is probably not required for the growth suppressive effect. Enforced SAFB1 also increased the levels of the cell cycle inhibitors p21/Cip1 and p27/Kip1 (Supplementary Figure S4B) , consistent with cell cycle arrest in the G 0 /G 1 phase.
LNCaP cells in which SAFB1 was stably knocked down (shSAFB1) were less growth inhibited in androgen-depleted medium in comparison with control (shCtrl) cells (Figure 8c) , suggesting a (Figure 8f ). SAFB1-silenced cells did not grow in castrated mice (not shown), indicating that they remained androgen dependent. Collectively, these data show that SAFB1 can exert a tumor-suppressive activity in hormonesensitive PCa cells, consistent with the most frequent pattern of expression changes seen in human prostate tumors.
DISCUSSION
We previously reported that the growth inhibitory kinase, MST1, a Hippo homolog and component of the Hippo-RASSF1-LATS tumor suppressor pathway, is an AR interacting protein and a negative regulator of AR transcriptional activity. 15 In that study, we proposed a model suggesting that MST1 effects on AR may result from interaction with one or more unknown proteins that interact directly with chromatin. In the present study, we demonstrate that the chromatin scaffold protein SAFB1 interacts with and is phosphorylated by MST1 and is a novel regulator of AR capable of integrating signaling between the AR and MST1 networks. SAFB1 was originally identified by its ability to bind to scaffold/matrix attachment regions (S/MARs) and to repress transcription from the hsp27 promoter. 21, 23, 45, 46 SAFB1 has been linked to a variety of cellular processes, including transcription, cell cycle regulation, apoptosis, differentiation and stress responses. 22 New findings presented in the present study suggest that SAFB1 is a novel point of intersection for multiple upstream signaling mechanisms in human PCa, including signals that modify chromatin to control gene expression.
Analysis of publicly available microarray data sets indicates a significant tendency toward downregulation of expression in tumors in comparison with normal tissue (Figure 1) . Analysis of SAFB1 protein levels in a TMA that contains metastatic tumors also showed downregulation with progression to metastatic disease. Eight out of 13 (460%) hormone-resistant metastatic tumors that we analyzed at the protein level were negative for SAFB1 (data not shown). In functional tests, stable downregulation of SAFB1 in LNCaP cells resulted in a more aggressive phenotype, including increased expression of AR and PSA, enhanced resistance to androgen withdrawal and anoikis, increased migration through collagen, and stimulation of tumor growth in vivo. The trend toward downregulation was also seen across multiple tumor types, suggesting that SAFB1 loss may occur in other cancers. Because SAFB1 interacts with chromatin at sites that may not contain AREs, 32 regulatory consequences of changes in expression of this protein are likely to extend to a range of binding sites across the genome and be relevant in other physiologic settings.
An increase in AR expression coincides with resistance to antiandrogen therapy 1 and may compensate for low levels of androgen. 47 Although SAFB1-knockdown LNCaP cells did not grow in castrated hosts, the observations that AR expression and activity were constitutively increased as a result of SAFB1 silencing and that SAFB1-knockdown cells were more aggressive phenotypically and resisted growth inhibition in androgendepleted medium suggest an association between SAFB1 downregulation and disease progression. Our findings on the role of SAFB1 as an AR corepressor are broadly consistent with previous reports about this protein. SAFB1 was discovered in breast cancer cells, binds and inhibits ER-a and was proposed to be a tumor suppressor in this context. 48 The SAFB1 gene resides at 19p13, a triple negative-specific breast cancer susceptibility locus that undergoes one of the highest rates of loss of heterozygosity reported in breast cancer. 49 Interestingly, 19p13.1-p13.3 has been proposed to contain a tumor suppressor gene relevant to human PCa. 50, 51 Our findings here identify SAFB1 (at 19p13.3-p13.2) as a candidate tumor suppressor within this region.
We also present evidence that SAFB1 inhibits AR by a mechanism that involves histone modification. Histone modifications have critical roles in prostate tumorigenesis and progression. 19 We investigated the potential involvement of the polycomb repressive complex PRC2 in epigenetic gene silencing at SAFB1-repressed loci. We showed that SAFB1 physically associates with EZH2, the catalytic PRC2 subunit, and that manipulation of SAFB1 expression altered levels of H3K27me3 within a SAFB1 binding region at the endogenous PSA promoter. SAFB1 also physically associated with EED and SUZ12, two EZH2 binding partners. Moreover, all three PRC2 proteins also bind to the PSA promoter. These data suggest that the PRC2 complex has a role in the repressive actions of SAFB1 at the AR-interacting sites we analyzed. Additional studies are necessary to determine how applicable these findings are to other SAFB1 binding sites throughout the genome.
In summary, our results indicate that SAFB1 is a physiologically relevant AR coregulator, a novel nuclear target of the growthrepressive kinase MST1, and a novel functional partner of EZH2 and the PRC2 complex. Our study suggests that SAFB1 and its associated proteins represent an important node for the integration of signals through multiple oncogenic and tumor suppressor pathways in PCa and possibly other malignancies. Cell culture LNCaP and C4-2 cells were cultured in RPMI 1640, whereas PC3 and COS cells were cultured in DMEM. Media were supplemented with 10% fetal bovine serum, 2% glutamine and 1% antibiotics. Plasmids SAFB1 constructs (wild type, c-terminal and GST-fusion proteins 22 ), prostate-specific antigen (PSA)-Luc reporter, 30 hAKT1, MST1 constructs 16 and human AR expression plasmid 30 have been described earlier. GST-C-SAFB (CT-L, 548-915) was generated using an EcoR1-fragment from pSG5-SAFB-HA 46 by ligation into pGex4T- organ-confined tumor and 21 (7 HN and 13 HR) metastases were included in the analysis. Immunohistochemistry was performed on 5-mm sections using the avidin-biotin procedure and analyzed using the ACIS System (ChromaVision). SAFB1 levels were correlated to levels of AKT1, p-AKT and MST1, previously analyzed on the same cohort. 16 Expression levels among diagnostic groups were assessed by means of the t-test for unpaired data. To assess potential correlations, intensity mean values were dichotomized, and Fisher's exact test was applied on contingency tables. All P-values were considered two-tailed, and 0.05 was used as the upper threshold for statistical significance. Origin 8 software (OriginLab Corporation, Nirthampton, MA, USA) was used for statistical analysis.
MATERIALS AND METHODS Materials
Proliferation and colony formation assay
Transfected cells were seeded in 24-well plates at 1 Â 10 4 /well (for proliferation assay) or in 150 mm plates at 1 Â 10 2 /well (for colony formation assay). Cells were stained with crystal violet and counted 3 or 7 days later, respectively. 53 Anchorage-independent soft agar growth assay Transfectants were seeded at 1 Â 10 4 in 3 ml 0.35% agar in RPMI/FBS and overlaid on 2 ml of 0.7% agar in RPMI/FBS in six-well plates. MTT-stained colonies were counted at 14 days and images were captured using a Zeiss microscope (Carl Zeiss Microscopy GmbH, Jena, Germany). 53 
Migration assay
Stably transfected cells (3 Â 10 5 cells/ml) were seeded in collagen-coated inserts (Millipore, Billerica, MA, USA). Sixteen hours later, cells that had invaded to the bottom surface of the inserts were stained with crystal violet. After extraction with 10% acetic acid, absorbance was read using a FLUOstar reader (BMG Labtech, Cary, NC, USA). 53 
Xenografts
Control and SAFB1-silenced cells were inoculated subcutaneously in Matrigel into 12 nude mice (male nu/nu mouse, 6 w old, Charles River). A total of 2 Â 10 6 cells in 100 ml volume were used per injection per site (4 sites/mouse; n ¼ 24 sites per condition). Tumor volumes were measured using an automatic caliper every 2-3 days. The Boston Children's Hospital Institutional Animal Care and Use Committee approved the study.
Immunoprecipitation and western blot analysis Protein (4-500 mg) was immunoprecipitated with specific antibodies with either protein A or G-Sepharose beads. Bead-bound complexes were immunodetected as described. 52 Dilutions for primary antibodies were 1:1000 for AR, HA, SAFB1, AKT1, MST1, EZH2, EED, SUZ12 and Lamin and 1:10 000 for PSA and b-actin. Horseradish peroxidase-conjugated secondary antibodies were used at 1:5000 dilution. Detection was performed using chemiluminescence.
Glutathione S-transferase pull-down GST-SAFB1 fusion proteins expressed in bacteria were adsorbed to glutathione-Sepharose beads, incubated with purified recombinant MST1 in binding buffer (20 mM Tris (pH 8.0), 137 mM NaCl, 10% glycerol, 1% NP40) for 60 min at 4 1C and analyzed by western blotting. 30 
Chromatin Immunoprecipitation
ChIP was performed using the ChIP Assay Kit (Upstate Biotechnology). PCR was performed for 34 cycles consisting of 1 min denaturation at 95 1C, 1.5 min annealing at 62 1C and 1.5 min elongation at 72 1C. 30 For re-ChIP experiments, extraction was performed in 20 mM DTT instead of SDS/ NaHCO 3 buffer.
Real-time PCR
RNA was isolated using the RNeasyMini kit (Qiagen, Valencia, CA, USA), and cDNA synthesis was performed using SuperScript (Invitrogen). 
Kinase assay
For determination of in vitro phosphorylation of SAFB1 fusion proteins by recombinant MST1 kinases (50-100 ng/reaction), GST-SAFB1 fragments were incubated with 5 mCi [g À 32 P] ATP (3000 Ci/mmol) and 100 mM cold ATP in kinase buffer (25 mM HEPES (pH 7.4), 10 mM MgCl 2 , 1 mM DTT) in a volume of 30 ml and incubated at 30 1C for 20 min. Samples were resolved by gel electrophoresis and exposed to X-ray film.
Statistical analysis
Data are represented as mean±s.e.m. wherever necessary. Student's t-test (two-tailed) was used between the data pairs where appropriate. Either exact P-value or a P-value of 0.05 or less was considered significant and has been used. Significance of differential expression was calculated using the Wilcoxon rank-sum test.
